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When consider ing improvements i n  t h e  Fischer-Tropsch (FT)  r o u t e  f o r  producing 
l i q u i d  fue ls  from coa l ,  i t  i s  important t o  bear i n  mind the r e l a t i v e  costs  o f  
t he  various process steps. An approximate cost breakdown f o r  a t y p i c a l  p lan t  i s  
as fo l l ows :  

Synthesis gas p roduc t i on  58 % 
FT synthesis 18 % ( p l a n t  15 %; Ca ta l ys t  3 %) 
Product separat ion 12 % 
Ref inery 10 % ( o l e f i n  o l i gomer i za t i on  4 % )  
Diverse 2 %  

The advantage o f  a b i g  improvement i n  the  s e l e c t i v i t y  o f  the FT synthes is  (an 
i dea l  case would be one which on ly  produces gasol ine and d iesel  f u e l )  i s  t h a t  
t h i s  would lower t h e  costs  o f  both the  product separation and the r e f i n e r y  
sections, which, together  account f o r  22 % o f  the t o t a l .  Obvious provisos, 
however, are t h a t  t h e  cos t  o f  the c a t a l y s t  should no t  be markedly increased and 
t h a t  i t s  conversion a c t i v i t y  should remain high otherwise the gains i n  say the  
r e f i n e r y  would be negated by increased FT synthes is  costs. E l i m i n a t i o n  o f  
c e r t a i n  products do not  necessar i ly  improve the  economics. I f  t h e  FT process 
made no ethylene, t h e  expensive cryogenic separat ion u n i t  could be rep laced by a 
cheaper process b u t  t h i s  would n o t  be a r e a l  ga in as the market value of  
ethy lene r e l a t i v e  t o  t h a t  o f  l i q u i d  f u e l s  j u s t i f i e s  i t s  recovery. A s i m i l a r  
s i t u a t i o n  holds f o r  the alcohols and ketones produced i n  t h e  FT process. I f  
these products were absent then the  expensive process o f  f i r s t  recover ing them, 
from .;he FT water and then r e f i n i n g  them would s i g n i f i c a n t l y  lower  the  o v e r a l l  
costs. (Note tha t  these products would have t o  be completely absent and n o t  j u s t  
lowered as the l a t t e r  would have l i t t l e  impact on the economics o f  recovery as 
t h e  volume o f  water t o  be processed would remain unchanged.) These low molecular 
mass a lcohols  and ketones, however, s e l l  a t  h igh  p r i ces  and fur:hermore the 
a lcohols  are va luable as gasol ine octane boosters. Thus t h e  product ion and 
recovery o f  these components are j u s t i f i e d .  

A t  Sasol -the aniount o f  methane produced f a r  exceeds the  need o f  t he  l o c a l  f u e l  
gas market and so the  CH i s  reformed w i t h  steam and oxygen t o  y i e l d  H and CO 
which i s  r ecyc led  t o  d e  FT synthesis u n i t s .  This re forming i s  o? course 
thermal ly  i n e f f i c i e n t  and r e s u l t s  i n  a (about 14 %)  l oss  o f  hydrocarbon produced 
from the reformed CH4. I n  the Sasol process the bulk  o f  the CH4 comes n o t  from 
Fischer-Tropsch b u t  from the Lu rg i  coal g a s i f i c a t i o n  process and so t o  e l im ina te  
CH4 reforming would requ i re  an a l t e r n a t i v e  g a s i f i c a t i o n  process. Conf in ing the 
issue to on ly  the FT process, i f  a zero C 1  t o  C3 s e l e c t i v i t y  could be achieved 
w i t h  on l y  gasol ine and d iese l  f u e l  be ing produced, i t  i s  est imated t h a t  t he  
o v e r a l l  cost  of t h e  process could be c u t  by about 5 % -  Because the c a p i t a l  
ou t l ay  f o r  a b i g  commercial p l a n t  i s  huge, t h e  5 % saving i s  very s i g n i f i c a n t -  

To date, however, t he  attainment o f  a b i g  improvement i n  the FT s e l e c t i v i t y  has 
been an e l u s i v e  goal .  A l l  t h e  proposed mechanisms o f  the r e a c t i o n  i nvo l ve  the  
concept of stepwise a d d i t i o n  o f  s i n g l e  carbon e n t i t i e s  t o  the growing 
hydrocarbon chains on t he  c a t a l y s t  surface ( 1 ) .  This i n e v i t a b l y  leads t o  a wide 
d i s t r i b u t i o n  o f  products. By manipulat ing t h e  c a t a l y s t ' s  f o rmu la t i on  and/or t h e  
process cond i t i ons  the p r o b a b i l i t y  o f  chaingrowth can be var ied bu t  the r e s u l t  
i s  simply t h a t  i f  t h e  product ion of C1 to c 3  hydrocarbons 1s lowered the  

( coa l  g a s i f i c a t i o n  53 %; CH4 re forming 5 %) 

(cryogenic  4 %; Alcohols & ketones 4 % )  
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production of the products heavier than d iese l  fue l  increase.  The maximum of t h e  
sum of gasol ine plus d iese l  fuel  l i e s  in t h e  v i c i n i t y  of 60 % ( 1 ) .  To improve on 
t h i s  appears t o  require  e i t h e r  a new kind of c a t a l y s t  with a d i f f e r e n t  mechanism 
or  to  superimpose some secondary c a t a l y t i c  ac t ion  such as o l e f i n  ol igomerizat ion 
and/or wax cracking. 

To da te  Sasol has exclusively used i ron based c a t a l y s t s  in the FT process not 
only because iron i s  cheap b u t  a lso because the products a r e  r i c h e r  i n  o l e f i n s  
t h a n  those normally produced by other  metals a c t i v e  in  the  FT reac t ion .  The 
l i g h t e r ,  C to C , o l e f i n s  a re  readi ly  oligomerized t o  e i t h e r  gasol ine o r  d iese l  
thus givin6 the $vera11 process a high degree o f  f l e x i b i l i t y  regarding t h e  r a t i o  
of gaso l ine  t o  d iese l  fue l  produced. A major drawback of i ron  c a t a l y s t s  a t  
temperatures above say 270 "C i s  tha t  carbon deposi t ion occurs. This, f o r  mainly 
mechanical reasons (eg,  d i s in tegra t ion  of the  p a r t i c l e s )  r e s u l t s  in shor te r  
reac tor  on-l ine times which means both a higher c a t a l y s t  consumption r a t e  and 
more reac tors  required per uni t  of gas converted. A t  the  temperatures a t  which 
metals l i k e  cobal t  o r  ruthenium are  ac t ive  in  the FT synthes is ,  very l i t t l e  
carbon i s  deposited and so these  metals have a t t r a c t e d  a t t e n t i o n  as a l t e r n a t i v e  
c a t a l y s t s .  On a u n i t  mass bas i s  the cos t  of cobal t  i s  about 250 times t h a t  of 
the i ron used a t  Sasol while t h a t  o f  ruthenium i s  about 20 000 times t h a t  of 
i ron.  To make coba1.t competitive w i t h  i r o n ,  a much lower mass per volume of 
c a t a l y s t  wil l  have t o  b e  employed, the c a t a l y s t  l i f e  wil l  have t o  be longer 
(with i t s  a c t i v i t y  and s e l e c t i v i t y  as  good o r  b e t t e r  than t h a t  of i r o n )  and the 
spent c a t a l y s t  wi l l  h a v e  t o  be regenerated f o r  re-use. While these  objec t ives  
may well be met with cobal t ,  t h e  case f o r  ruthenium i s  bleak. Put t ing  as ide  the  
pr ice ,  i t  can be shown t h a t  f o r  only a s i n g l e  Sasol commercial p lan t  one would 
requi re  more t h a n  the e n t i r e  ava i lab le  world stock of ruthenium t o  produce t h e  
needed c a t a l y s t  charge which would only contain 0 ,5  mass % of Ru on a typical  
support. The production of Ru and o t h e r  noble metals such as  R h ,  i s  e n t i r e l y  
linked to  the demand f o r  P t -  

While Sasol remains committed t o  developing c a t a l y s t s  with longer l i v e s  and 
improved s e l e c t i v i t i e s  these  objec t ives  a re  seen as  longer termed. In the shor t  
term inves t iga t ions  have concentrated on increasing t h e  production per r e a c t o r ,  
developing lower cos t  reac tors  and optimizing the product spectrum by improving 
the processes downstream of the  FT r e a c t o r s .  Several of these new developments 
a r e  in the  process of b e i n g  commercialized. 

Kinet ic  inves.Ligations had indicated and p i l o t  plant  t e s t s  had confirmed t h a t  
f o r  both f ixed bed tubular  and f lu id ised  bed reac tors  the  production per uni t  
volume of c a t a l y s t  could be raised by simultaneously increasing the  operat ing 
pressure and the  volume of feed gas t h u s  maintaining a f ixed l i n e a r  v e l o c i t y ,  i e  
a f ixed residence time in  the reac tors  ( 1 ) .  Sasol recent ly  decided t o  bui ld  an 
addi t ional  commercial f ixed  bed tubular  r<ac tor . to  increase the production of FT 
waxes. This reac tor  wi l l  operate  a t  a pressure considerably higher t h a n  t h e  
reac tors  cur ren t ly  i n  use. 

The Synthol r e a c t o r s ,  which a r e  the "work horses" of the  Sasol FT process ,  a r e  
c i r c u l a t i n g  f lu id ized  bed (CFB) types with c a t a l y s t  flowing down a s tandpipe on 
one s i d e  and u p  a r i s e r  on the  o ther  s i d e  ( s e e  Figure 1 ) .  These u n i t s  a r e  
a l ready very la rge  and there  a r e  doubts whether .they could be scaled u p  f u r t h e r  
by e i t h e r  increasing t h e i r  diameter or  r a i s i n g  the operat ing pressure .  As an 
a l t e r n a t i v e  Sasol has been inves t iga t ing  f o r  some time the f ixed  f l u i d i z e d  bed 
(FFB)  system. I n  t h i s  r e a c t o r  the c a t a l y s t  i s  not c i r c u l a t e d  b u t  remains 
"s ta t ionary"  as  an ebulat ing bed with the  gas enter ing a t  the bottom. This 
r e a c t o r  i s  considerably smaller  and so should be cheaper t o  cons t ruc t ,  s impler  
t o  operate  and increasing t h e  operat ing pressure presents  no mechanical 
problems. A n  addi t ional  advantage o f  higher pressure in t h e  case of i ron 
c a t a l y s t s  operating a t  high temperatures i s  t h a t  t h e  r a t e  of carbon deposi t ion 
on the c a t a l y s t  decreases  ( 1 )  which f o r  the reasons already mentioned, should 
r e s u l t  in longer l i f e  cataly?ts .  A demonstration FFB uni t  has been operat ing a t  
t h e  Sasolburg p lan t  f o r  some time and var ious design aspec ts  have been 
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invest igated.  The design o f  a l a r g e  commercial s i z e  u n i t  i s  c u r r e n t l y  underway 
f o r  cos t  es t ima t ing  purposes and hope fu l l y  f o r  implementation i n  the near 
fu ture.  

Another reac to r  ve rs ion  being i nves t i ga ted  i s  t he  s l u r r y  phase reactor .  I n  
concept t h i s  i s  s i m i l a r  t o  the  FFB reac to r  but  t h e  f i n e l y  d i v ided  c a t a l y s t  i s  
suspended i n  a s u i t a b l e  l i q u i d ,  eg molten FT wax. Compared t o  the f i x e d  bed 
reac to r  it i s  cheaper t o  cons t ruc t  and because o f  t h i s  i t  may be a v iab le  
a l t e r n a t i v e  process f o r  producing FT waxes. A p o t e n t i a l  advantage o f  t h e  s l u r r y  
phase system i s  t h a t  w i t h  i r o n  c a t a l y s t s  i t  can operate i n  the temperature range 
260 t o  290 "C.  I n  t h i s  temperature reg ion a f i x e d  bed would p lug  up due t o  
carbon deposi t ion w h i l e  a "dry"  f l u i d i z e d  bed would " d e f l u i d i z e "  because o f  
c a t a l y s t  p a r t i c l e  agglomeration due t o  wax formation. To date the experimental 
i nves t i ga t i ons  a t  Sasol have been conf ined t o  5 cm ID p i l o t  p l a n t  reactors .  The 
next planned phase i s  t he  cons t ruc t i on  o f  a l a r g e r  p i l o t  reac to r  i n  order t o  
i nves t i ga te  the system a t  hydrodynamic cond i t i ons  l i k e l y  t o  e x i s t  i n  a 
commercial sca le r e a c t o r .  

With regards t o  process improvements downstream of the FT reac to rs  two c a t a l y t i c  
processes are being developed. FT waxes produced a t  low temperatures are 
e s s e n t i a l l y  s t ra igh t - cha ined  con ta in ing  no aromatics and are su lphur  and 
n i t rogen- f ree .  Because o f  these f a c t o r s  the wax can be hydrocracked under 
r e l a t i v e l y  m i l d  cond i t i ons  io y i e l d  up t o  80 % o f  h igh q u a l i t y  d iese l  f u e l .  
These r e s u l t s  have been independantly v e r i f i e d  by f i r m s  s p e c i a l i z i n g  i n  
hydrocracking and no problems are foreseen i n  commercial izing the process. 

L i g h t  o l e f i n  o l i gomer i za t i on  t o  gasol ine and d i e s e l  f u e l  has been commercially 
p rac t i ced  by Sasol f o r  many years b u t  the process which u t i l i z e s  a supported 
phosphoric ac id  c a t a l y s t  produces a l i g h t  d iese l  f u e l  which has a lowish 
v i s c o s i t y  and a very poor cetane number, the l a t t e r  being due t o  t h e  h igh degree 
of ske le ta l  branching. Because o f  t h i s  the amount o f  t h i s  f u e l  which can be 
added t o  the  o v e r a l l  pool i s  l i m i t e d  and so r e s t r i c t s  the f u l l  u t i l i z a t i o n  o f  
o l e f i n  o l i gomer i za t i on  t o  maximise d iese l  f u e l  product ion.  The- new generation 
ZSM-5 type z e o l i t e s  can completely remove the  above-mentioned l i m i t a t i o n s .  
Because of the h i g h  s t reng th  of t he  z e o l i t e  ac id  s i t es ,  a h igher  degree o f  
o l i gomer i za t i on  occurs which r e s u l t s  i n  a h igher  molecular  mass product w i t h  a 
h igher  v i s c o s i t y .  Because o f  t he  unique s i ze  o f  t h e  z e o l i t e  pores, it i s  
phys i ca l l y  impossib le  t o  produce h i g h l y  branched ol igomers and consequently the 
product d iese l  f u e l  has a h igh  cetane number. This  process has been thoroughly 
evaluated on p i l o t  p l a n t  sca le w i t h  FT feedstocks both at  Sasolburg and abroad. 
The b u i l d i n g  o f  a f u l l  sca le commercial p l a n t  i s  p resen t l y  under considerat ion 
as p a r t  of a debot t leneck ing process a t  Sasol 's  Secunda complex. A new z e o l i t e  
o l i gomer i za t i on  plan-c would not  on l y  process add i t i ona l  o l e f i n s  b u t  should also 
be able to  improve t h e  y i e l d  and q u a l i t y  o f  t he  o v e r a l l  d iesel  f u e l  pool. 

Table 1 i l l u s t r a t e s  t h e  s e l e c t i v i t i e s  (on a carbon atom bas is )  t y p i c a l l y  
obta ined i n  the  two types o f  commercial FT reac to rs  used by Sasol, namely, the 
h igh  temperature Synthol process (geared a t  making l i g h t  o l e f i n s  and gasolene) 
and the  lower temperature f i x e d  bed process (geared a t  making waxes). Applying 
t o  each of  chese product  streams, the  secondary processes p rev ious l y  discussed, 
namely, o l i gomer i za t i on  o f  t he  C t o  C o l e f i n s  t o  y i e l d  75 % d iese l  f u e l  and 
hydrocracking of t h e  wax t o  y ie?d  80 % d iesel  f u e l ,  the o v e r a l l  l i q u i d  f u e l  
s i t u a t i o n  obta ined i s  shown i n  Table 2. As can be seen h igh q u a l i t y  d iese l  f ue l  
a t  high y i e l d s  can be obta ined i n  both processes. When both maximum l i q u i d  f u e l  
y i e l d  and maximum d i e s e l  f u e l  t o  gasolene r a t i o  i s  required, the low temperature 
Arge FT process has the  g r e a t e r  p o t e n t i a l .  

REFERENCE 

(1) Cata l ys i s  Science and Technology, Vol 1, Ch. 4, Ed. by J R Anderson & 
M Boudart Spr inger  Ver lag 1981 

290 



TABLE 1 

COMPARISON OF THE STRAIGHT-RUN FT PRODUCTS FROM THE SYNTHOL AN0 ARGE REACTORS 

c u t  ISynthol h igh  temperature IArge low temperature 

c1 + c *  I 16.0 I 5.4 

C3 t o  C 6  p a r a f f i n s  I 5.0 I a. 4 

C 7  - 160 " C  I 17. 2 I 8.0 

+350 "C I 7.8 I 48.1 

C3 t o  C6 o l e f i n s  I 33.5 I 7. 6 

160 - 350 " C  I 14.0 I 19.5 

Water so lub le  oxygenated 
compounds I 6.5 I 3.0 

TABLE 2 

COMPARISON OF THE TWO DIESEL PRODUCING SCHEMES 

c u t  I Synthol I Arge 

Tota l  f i n a l  l i q u i d  product I 80 I a7 

% d iese l  o f  l i q u i d  f u e l  I 55 I 75 

Diesel  source: 

- From o l igomer iza t ion  I 58 I 9 

- S t r a i g h t  run  I 31 I 30 

Wax c rack ing  I 11 I 61 

Cetane number o f  d iese l  pool I 53 I 67 

( A l l  f i g u r e s  are percentages except f o r  the cetane number) 
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